Background: longevity is considered the result of interactions between environmental and genetic factors.
INTRODUCTION
Longevity is generally considered as the result of interactions between environmental and genetic factors. Among the environmental factors, life-style and the nutritional status seem to play an important role in the incidence of many age-related diseases. For example, high levels of adiposity, typical of individuals with a body mass index (BMI) more than 30 kg/m 2 ,
were linked to abnormal glucose metabolism and increased incidence of cardiovascular diseases (CVDs), cancer and neurodegenerative diseases, with consequently higher mortality rate (Srikanthan and Karlamangla, 2014) .
Moreover, since CVDs are the main causes of death worldwide (WHO, 2011), polymorphisms in genes involved in these types of diseases, as well as those involved in vascular dysfunction and obesity, represent excellent candidates for longevity.
Apolipoprotein E (APOE) gene is one of the most consistently associated with human longevity (Fuku et al., 2017) . The glycoprotein encoded by this gene plays a fundamental role in the lipid metabolism, mediating lipoprotein binding to the LDL and lipoprotein remnant receptors.
Defects in this protein could diminish its ability to bind to the receptors, which then leads to an elevated blood cholesterol level and, consequently, to increased risk of atherosclerosis and CVDs (Marrzoq et al., 2011) . APOE gene is polymorphic, with three common alleles E2, E3, and E4, that give rise to six different genotypes E2/2, E2/3, E2/4, E3/3, E4/3, and E4/4 (Marrzoq et al., 2011) .
The E4 allele is the most common APOE allele in all human populations and it is associated with higher total cholesterol levels and increased risk of metabolic and neurodegenerative diseases, whereas E2 and E3 alleles were associated with lower cholesterol levels and with a protective role polymorphism in the intron 4: the common wild-type 'b-allele' (eNOS4b allele) has five tandem 27-bp repeats, while the rare 'a-allele' (eNOS4a allele) only four repeats. In particular, the eNOS 4a allele was found to be an independent risk factor of myocardial infarction, whereas the eNOS 4a/4a
homozygote was identified as a smoking dependent risk factor of myocardial infarction (Park et al., 2004 ). The main objectives of this study were to investigate the possible association of BMI, of some metabolic (APOE, ACE, eNOS, and FTO) gene polymorphisms and longevity in a northern
Italy cohort. The hypothesis is that some anthropometric parameters, such as the BMI, and some genetic variants could be differentially represented in long-lived individuals with respect younger subjects.
MATERIALS AND METHODS

-Study population
The study was conducted on a cohort of 1,100 healthy Italian subjects (aged 10-100 years; 546 males and 554 females) of Caucasian origin from Northern Italy. All the subjects were randomly chosen healthy volunteers, received detailed information about the study, were anonymously identified by a numeric code and gave their informed consent prior the analyses. Inclusion criteria for the control group were being a man or woman with no history of stroke, cardiovascular disease, diabetes, neurodegenerative and cancer diseases. The research protocol was approved by the local ethics committee and was performed in accordance with the ethical standards laid down in the 2013
Declaration of Helsinki.
In Italy, in 2017, the average life expectancy at birth was 80.6 years for men and 84.9 years for women (ISTAT, 2017a). Moreover, the fertility rate for women belonging to the 20-49 age group was about 90%, with an average age of mothers and fathers at the birth of their first child of 31.8 and 35.3 years, respectively (ISTAT, 2017a,b). For these reasons, in order to evaluate the possible association of some alleles with longevity, we decided to divide our sample into 4 age groups: 1-24, that include subjects in pre-reproductive phase; 25-49, that included subjects in reproductive phase; 50-85, representing the group of subjects in post-reproductive phase; and 86-100 that represent the group with long-lived individuals.
-DNA extraction and Genotyping
Peripheral blood samples (5-10 ml obtained by venipuncture) were collected in heparinized vacutainers and stored at -20°C. DNA extraction was conducted using a Chelex solution, according to Santovito et al. (2017) . Gene polymorphisms were determined by PCR and RFLP methodologies, using primers and melting temperature as described in Table 1 . PCR reactions were min at 95°C, 1 min at 56-65°C depending on the primer sequence (Table 1) , 1 min at 72°C, and a final extension step 10 min at 72 °C. Amplification products were detected by ethidium bromide staining after 4% metaphor agarose gel electrophoresis. The expected PCR and/or RFLP product size for each gene polymorphism analysed were showed in Table 1 .
To verify the genotyping results, 10% of the total sample (n = 110) were also analysed by another investigator. The two analyses showed identical results. 
-Statistical Analysis
RESULTS
In Table 2 the general characteristics of the studied population are reported. A total of 1,100 subjects, 546 males (mean age ± SD: 54.423±21.128, age range: 10-98) and 554 females (mean age ± SD: 57.314±24.038, age range: 10-100) were recruited.
No significant differences were found between males and females in terms of mean age and BMI values. Vice versa, significant differences were found in terms of BMI values between age groups, with exception of 1-24 with respect to 86-100 age groups. This result was confirmed by both the ANOVA analysis (P <0.001) and regression analysis (P = 0.021) that showed a significant correlation between age and BMI.
In Table 3 the allele and genotype frequencies for all studied genes are reported. All genotype frequencies resulted in accordance with the Hardy-Weinberg law.
Analysing the frequencies of the studied gene polymorphisms (Table 4) , we observed a significant decrease of the APO E4 allele frequency and a significant increase of the APO E2 allele frequency in the 86-100 age group with respect to 1-24 (P = 0.005) and 25-49 (P = 0.007) age groups.
Similarly, the older age group showed a significant (P<0.001) reduction of eNOs 393 and FTO A alleles with respect to 1-24 and 25-49 age groups. Finally, for ACE, no significant differences in the allele frequencies between age groups were found.
A similar trend was also observed subdividing the sample in 1-85 and 86-100 age groups (Table 4) .
Also in this case, we observed a significant (P<0.001) decrease of the APO E4 and a significant increase of the APO E2 allele frequencies in the 86-100 age group with respect to 1-85 age group (P = 0.012). Moreover, the older age group showed a significant (P<0.001) reduction of eNOS 393 and FTO A alleles with respect to 1-85 age group, whereas for the other three studied gene polymorphisms no significant differences in the allele frequencies were found between age groups.
DISCUSSION
In humans, exceptional longevity is a complex trait. Studies focused on the determination of genetic features of long-lived individuals, represent one of the main approaches to define the key components of this longevity.
Among the anthropometric parameters associated with longevity, BMI seems to play an important role (Frayling et al., 2007) . We reported a significant increase of BMI with age, probably ascribed to a significant increase of this parameter in the 25-49 and 50-84 age groups, as indicated by the non-parametric analysis ( Table 2 ). The lack of significant differences in terms of BMI values between younger and older groups could be explained by the fact that, since in old age there is a change in the balance between fat and muscle mass, BMI becomes less useful in assessing the metabolic health of older adults (Srikanthan and Karlamangla, 2014).
Long-living individuals are characterized by a low incidence of cardiovascular and neurodegenerative diseases (Puca et al., 2012) . From genetic point of view, this phenomenon may be due to the presence or absence of specific gene polymorphisms, that confer to the carriers a better ability to counteract cell deterioration during aging (Nijiati et al., 2013) . One of the most frequent candidate genes that have been studied for its possible association with longevity were APOE gene. In particular, APOE2 was found to be associated with lower levels of total and LDL cholesterol and with higher levels of HDL cholesterol, while APOE4 has opposite effects. As consequence, the APOE4 allele has been linked to atherosclerosis and coronary heart disease and individuals with E4/E4 genotype are at a higher risk of cardiovascular and Alzheimer's diseases (Marrzoq et al., 2011) . For these reasons, long-lived individuals would be expected to have higher frequencies of E2 allele and lower frequencies of E4 allele with respect to younger age groups.
Results of our work seem to confirm these hypotheses, since, in the 86-100 age group, we found a significant decrease of the APOE4 allele frequency and a significant increase of the APOE2 allele frequency with respect to younger group. progressive misbalance between NO production, which becomes increasingly reduced, and oxidative stress, which increases without a compensatory enhancement of antioxidant defences. As a result, vasodilator function of aged vessels could be compromised, with consequent increase of vascular resistance and impaired perfusion (Forstermann, 2010) . In this scenario, eNOS may be critically involved in longevity by increasing the deteriorative effects of aging. In particular, the eNOS 4a allele and eNOS 4a/4a genotype were found to be independent risk factors of myocardial infarction (Park et al., 2004) , and their frequencies are expected to be lower in long-lived subjects, as actually observed in our sample.
CONCLUSIONS
Our results showed an age-related relationship of APOE, FTO and eNOS gene polymorphisms in a cohort of healthy Italian subjects. Despite the limitation of studies like this, due to the difficulty of finding a substantial number of centenarians and, in general, of long-lived people, it is our opinion that the present work could be relevant for further studies about longevity among Italian and European populations. Finally, it has been estimated that the number of centenarians worldwide will double each decade until 2100 (Nijiati et al., 2013) , making these studies increasingly important in the future. Table 4 -Frequencies of the studied metabolic gene polymorphisms among different age groups * P = 0.005, with respect to 86-100 age group; ** P = 0.007, with respect to 86-100 age group; *** P < 0.001, with respect to 86-100 age group; **** P = 0.012, with respect to 1-85 age group 
